Previous experiments with the simian virus 40 mutant tsA357R-K (tsA30) demonstrated a T-antigen function that is required for production of cells with a greater-than-G2-phase DNA content. In this study, temperature shift experiments indicated that the temperature-sensitive function of tsA357R-K, which is necessary for entry into the greater-than-G2 phase, is not required in G, or S but must be supplied in the G2 phase.
(>G2) DNA content at the nonpermissive temperature is not the result of decreased T-antigen levels, since the average T-antigen quantity in the G2 population at 40.5°C is greater than that found at 37°C. These results demonstrated that there is a T-antigen function which is required for initiation of a second round of DNA synthesis and that this function is not required for stimulation of G, phase cells into the S phase. In this study, our goal was to establish whether the T-antigen function necessary for initiation of a second S phase is required at a specific point in the cell cycle. To address this question, temperature shift experiments were performed.
CV-1 (ATCC CCL70) cells were infected with 100 PFU of the SV40 temperature-sensitive mutant tsA357R-K per cell at 37°C. After a 1-h adsorption period, the cultures were fed with modified Eagle medium with 2% fetal bovine serum and either kept at 37°C or shifted to 40.5°C. At regular intervals between 14 and 38 hpi, 37°C cultures were shifted to 40.5°C and 40.5°C cultures were shifted to 37°C. At each temperature shift time point, a parallel culture was trypsinized and fixed in 90% methanol. All temperature-shifted cultures were then harvested and fixed at 46 hpi. Fixed cells were then stained for T antigen by using monoclonal antibody PAblOl and for DNA content by using propidium iodide. Stained cells were then analyzed by two-color quantitative flow cytometry. Cell cycle distributions were obtained by setting the following gates on DNA content histograms: 2C (G, phase), between 2C and 4C (S phase), 4C (G2 phase), and >4C (>G2 phase). Details of all of the procedures used have been described elsewhere (6, 8, 9) . The data presented in this report were obtained in a single experiment. However, data for all time points were confirmed by at least two additional experiments.
To determine the point in the cell cycle at which T-antigen function could be removed and still allow progression into >G,, cells were infected with tsA357R-K at 37°C and then shifted to 40.5°C at increasing times postinfection. The histograms in Fig. ID . In cultures maintained at 37°C for the entire 46 hpi, 62% of the population was in >G2 (Fig. 1B) , whereas only 9% of the population was in >G2 after 46 h at 40.5°C (Fig. ID) . A temperature shift-up between 14 and 26 hpi, when cells were progressing from G, through the S phase (22 to 26 hpi) and entering the G2 phase (26 hpi), resulted in a cell cycle distribution at 46 hpi very similar to that seen in cultures kept at 40.5°C for the entire 46 h. This failure of cells shifted to 40.5°C during G1, S, and at least early G2 to enter >G2 suggests that expression of the wild-type form of T antigen during the G, and/or S phase only is not sufficient to stimulate cells into >G2.
In cultures whose cells had already entered >G2 prior to a shift to the nonpermissive temperature (38 hpi), there was no further increase in the percentage of >G2 cells. However, it was evident from the DNA histograms ( Fig. IA and C, 38 hpi) that cells in >G, did not continue to synthesize DNA but appeared to arrest at the DNA content present at the time of the temperature shift. This suggested that DNA synthesis during >G2 was dependent on the continued presence of T-antigen function. This apparent arrest during a period of cellular and viral DNA synthesis is in contrast to T-antigeninduced entry into the S phase, in which movement out of GI and passage through S proceeds normally at the nonpermissive temperature.
To determine the latest point in the cell cycle at which T antigen could be supplied and still allow progression into >G2, DNA CONTENT B.
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Cell cycle distribution at 46 hpi shifted up from 37°C to 40.5°C a decrease in the G2 population to 19% of the total and an increase in the >G2 population to 42% of the total (Fig. 2D ). Cells shifted from 40.5 to 37°C at 38 hpi and fixed 8 h later (46 hpi) showed an increase in the >G2 population from 12% ( Fig.   2B ) to 21% (Fig. 2D) . However, in a parallel culture fixed 24 h after the shift (62 hpi), 50% of the population was in >G2 (data not shown). Therefore, cells delayed in the G2 phase at the nonpermissive temperature enter >G2 when shifted to the permissive temperature.
Although these experiments define a G2 phase T-antigen function that is required for entry into >G2, there are few clues about the molecular mechanisms involved. The G2 phase function of T antigen either could act on one of the many cellular factors now known to be involved in cell cycle control or could act through other viral molecules. An interesting parallel is seen in the temperature-sensitive cell cycle mutant of V79 Chinese hamster cells, ts4l, originally described by Hirschberg and Marcus (3) and more recently characterized by Handeli and Weintraub (2). ts4l cells undergo successive S phases at the nonpermissive temperature, generating tetraploid-polyploid DNA contents. Cells grown at the nonpermissive temperature during G1 and S appear to skip G2, M, and GI and reenter the S phase. This influence on the cell cycle cells were infected with 100 PFU of SV40 per cell for 1 h at 37°C as described above and then shifted to 40.5°C coincident with the addition of medium with 2% fetal bovine serum. At increasing times postinfection, cultures were shifted from 40.5°C to the permissive temperature of 37°C. The DNA content distribution at the time of the shift-down is shown in the histograms in Fig. 2A , and cell cycle distributions are presented in Fig. 2B . The DNA content distribution of the temperature-shifted cultures at 46 hpi is shown in Fig. 2C , and the cell cycle distribution is shown in Fig. 2D . As shown previously, confluent CV-1 cells infected with tsA357R-K and grown at 40.5°C were induced to enter the S phase and accumulate in the G2 phase ( Fig. 2A and B, all times) . However, in cultures whose cells had accumulated in the G2 phase at 40.5°C (26 to 38 hpi), a shift to 37°C resulted in the movement of G2 cells into the >G2 phase. Evidence that T-antigen function can be supplied as late as G2 is most easily seen in the cultures grown at 40.5°C for 30 h prior to the shift. After 30 h at 40.5°C, 48% of the population had accumulated in the G2 phase and the >G2 population was 4% of the total population (Fig. 2B) is very similar to that seen following SV40 lytic infection, raising the possibility that SV40 T antigen interacts directly or indirectly with the monkey homolog of the ts4l gene product. A model is described that proposes that the wild-type ts4l gene product is a cell cycle regulator which is synthesized during the S and G2 phases and converted from a no-S (no-S-phase) form to a yes-M (yes-mitosis) form as cells pass the restriction point. We suggest that this model, with only minor modifications, is consistent with SV40-induced tetraploidy. (i) Wild-type Tantigen inactivation of the no-S form of the ts4l product, either by direct binding or otherwise, may prevent conversion to the yes-M form. (ii) The no-S form which is newly synthesized in the S and G2 phases would also be inactivated by wild-type T antigen and remove the block to subsequent S phases. Therefore, in the absence of a positive signal for mitosis and in the absence of a negative signal for the S phase, successive S phases could ensue. Viewing the model in the context of the tsA357R-K data presented here requires one additional modification. With tsA357R-K infection at 40.5°C, most of the cells are blocked or delayed in the G2 phase. This suggests that conversion to the yes-M form has been blocked but that the newly synthesized no-S form is not inactivated by tsA357R-K T antigen at the nonpermissive temperature and subsequent S phases are not allowed. This suggests that the tsA357R-K T antigen at the nonpermissive temperature may inactivate the G1 but not the S or G2 phase no-S form.
tsA357R-K-infected CV-1 cells may provide a valuable system for defining the molecular mechanisms of SV40-induced tetraploidy. Infected cells can be delayed in the G2 phase at 40.5°C and then released to enter >G2 by lowering the temperature to 37°C. Analysis of T antigen and associated cellular proteins during the G2-to->G2 transition may reveal proteins involved in the initiation of a tetraploid S phase.
